US010103081B2

12 United States Patent (10) Patent No.: US 10,103,081 B2

Bharadwaj 45) Date of Patent: Oct. 16, 2018
(54) HEAT SINK 2,869.836 A * 1/1959 Huet ........cooevvviin. F28F 1/22
165/165
(71) Apphcant Ashwin ]E’,harad“,faj:J Banga]gre (IN) 2,870,999 A * 1/1959 Soderstrom ............. B21C 37/26
165/156
(72) Inventor: Ashwin Bharadwaj, Bangalore (IN) 2,895,508 A *  7/1959 Drake ..o F28;FB éi ;I(g)
(73) ASSigHEEZ AShWin Bharadwaj (IN) 3,027,314 A F 3/1962 Vﬂllghﬂﬂ ................. Coleﬁé/li/(g)g
S
(*) Notice: Subject to any disclaimer, the term of this 3,239,003 A 31966 Boudette ....ooooeec.. le?ﬁgi/gg
patent 1s extended or adjusted under 35 3,265,115 A 3k /1966 Maier ... . BO1D 1/065
U.S.C. 134(b) by 391 days. 159/13 .2
3,372,095 A * 3/1968 Nester .........c......... BOID 3/10
(21) Appl. No.: 14/479,375 159/6.2
_ (Continued)
(22) Filed: Sep. 8, 2014
_ o FOREIGN PATENT DOCUMENTS
(65) Prior Publication Data
US 2016/0070319 A1 Mar 10. 2016 WO WO 03065775 A2 * 8/2003 ... HO1L 23/467
(51) Int. CL OTHER PUBLICATIONS
F28F 7/00 (2006.01) | |
HOIL 23/34 (2006.01) Chung, Materials for thermal conduction, Mar. 15, 2000, p. 2, table
HOIL 23/367 (2006.01) L*
HOIL 23/467 (2006.01) _ _ _ _
HOIL 21/48 (20060) Pwmary Examiner — Claire 1{‘3!‘](3!1111,J 111
(52) U.S. CL
CPC ......... HOIL 23/34 (2013.01); HOIL 233672 7 ABSTRACT
(2013.01); HOIL 23/467 (2013.01); HOIL A heat sink (100) for an electronic device comprising a first
21/4882 (2013.01);, HOIL 2924/0002 (2013.01) plate (102), a second plate (104) and a pipe (106). One side
(58) Field of Classification Search of the first plate (102) i1s 1n thermal contact with the
CPC ... HO1L 23/4677; HO1L 23/3672; F28D 7/103; clectronic device. The second plate (104) 1s 1n thermal
F28D 7/10; F28D 7/12 contact with the other side of the first plate (102). Further,
USPC e 165/80.3, 184 the second plate (104) includes a hole and placed such that,
See application file for complete search history. a gap for airflow maintained between the first plate (102) and
the second plate (104). One end the pipe (106) thermally
(56) References Cited coupled to the second plate (104). Thus facilitating the air

U.S. PATENT DOCUMENTS

1)

R

flowing 1nto the pipe (106) through the other end escapes the
heat sink through the gap maintained between the first plate
(102) and the second plate (104) via the hole on the second

1,303,107 A * 5/1919 Oderman .................. F28D 3/02
165/117  plate (104).
2,712,520 A *  7/1955 Nester ...coooevevivinnnnnnn, BO1D 3/30
159/6.2 16 Claims, 10 Drawing Sheets



US 10,103,081 B2

Page 2
(56) References Cited 8,196,643 B2* 6/2012 Chen ................... HOIL 21/4878
165/128
U.S. PATENT DOCUMENTS 8,256,258 B2* 9/2012 Yamaoka ................ B21C 23/08
29/890.03
3.633343 A *  1/1972 Mark ..ooooieieiiii FOIN 3/0217 8,354,779 B2*  1/2013 TFalicoff ....oovovvveveen.. F21K 9/00
55/323 313/35
3,636,982 A * 1/1972 Drake ....ccooovvvvvinnnii.n. F28F 1/40 9,005,393 B2* 4/2015 Owens .......cooevvnven... BO1D 1/06
138/38 15/398
3,956,072 A * 5/1976 Huse ....cccvveveenn.... BO1D 1/289 9,782,702 B2* 10/2017 Carrion .................. BO1D 29/56
150/24 1 2002/0038699 Al*  4/2002 Wagner ............... HO1L 23/467
3,983,861 A * 10/1976 Beauchaine ............ F24S 10/70 165/80.3
126/656 2003/0102110 Al* 6/2003 Wagner ................... F28F 1//105
4,090,559 A * 5/1978 Megerlin ..........coo..... F28F 1/40 165/80.3
. 138/38 2003/0189813 Al1™ 10/2003 Lee .oovvvviviiinininn, HO1I. 23/3672
4,190,105 A * 2/1980 Dankowski .......... B60OH 1/3227 361/704
38/38 2005/0145366 A1$ 7/2005 Erel ********************* HOIL 23/467
4325781 A *  4/1982 Proske ...oococvviiii... BO1D 1/10 165/80.3
150/13.2 2005/0257914 A1* 11/2005 Huang .............. HO1L. 23/3672
5 ‘ 165/80.3
4,534,409 A F Y1985 Ladars oo Fzgﬂ;%é 2006/0086484 Al*  4/2006 Hegde ................. F28D 15/0275
5 165/104.33
4,784,218 A * 111988 Holl oo Fnglégfgé 2006/0196636 Al*  9/2006 LiU .ooovovecvveeoi, HO1T. 23/467
o 165/80.3
5,132,780 A= 7/1992 Higgins, Il ........ HO1L 23/467 2007/0023163 Al* 2/2007 Kidwell F24] 3/084
165/10434 <0 UTEeI TR s AeRn MR e
165/45
5,361,188 A * 11/1994 Kondou ................ HO1L. 23/467 2007/0159798 Al* 7/2007 Chen HO1T. 73/4006
165/104.34 3 61/700
5,454,429 A * 10/1995 Neurauter ................. F28D 7/16 2008/0029243 Al1*  2/2008 O’Donnell ... F24H 3/087
) 138/38 165/48.1
5,782,292 A 7/1998 Ogawara ............... HOIL 23/467 2008/0035315 A1*  2/2008 Han ... .. F04D 17/04
165/122 165/121
5,787,976 A * 81998 Hamburgen .............. F28F 3/02 2008/0120981 Al* 5/2008 Dean ... FOAF 7/00
165/185 62/6
6,092,589 A * 7/2000 Filus ..., F25B 39/02 2009/0000327 Al*  1/2009 Burk ....ocoovvviiiiin., F25B 17/086
138/38 62/324.6
6,219,242 B1* 4/2001 Martinez ............ HO5K 7/20154 2009/0211729 Al* 82009 Wang .................... HO1L 23/467
165/121 165/80 3
6,288,805 B1* 9/2001 Bhatia ........ocvoovon.... GOG6F 1/203 2010/0177480 Al*  7/2010 Koplow ............. F04D 25/0606
165/104.33 361/697
6,561,261 B2*  5/2003 Wagner ............... HO1L 23/467 2011/0103011 Al* 5/2011 Koplow .............. FO4D 25/0606
165/121 361/679.54
6,702,002 B2*  3/2004 Wang ................. HO1L 23/367 2013/0039072 Al*  2/2013 Kim .oovovveveeeiin, F21V 29/006
165/104.33 362/294
6,816,374 B2* 11/2004 Patel .oocovvvovviernnn GO6F 1/20 2013/0167570 Al*  7/2013 Bouloy ......ccocoeeu..... F25B 39/02
165/121 62/156
6.827.138 B1* 12/2004 Master ..., 28D 7/1607 2013/0175017 Al*  7/2013 GOtO wovvveveoeevonn. B21D 11/14
165/159 165/181
6,845,010 B2*  1/2005 Le€ .ovvvvevvvennn., HO1T. 23/3672 2014/0127091 A1* 5/2014 Wang .........ocoeeeneee F28F /1/40
165/104.33 422/198
7,055,577 B2*  6/2006 Wang ................... HO1T. 23/467 2014/0190668 Al* 7/2014 Joshr ................... HOI&;{??X%;
165/185 *
73108"139 B2=I-= 9/2006 Nguyen “““““““““““ BOID 27/06 2015/0000876 Al"{{ 1/2015 Yang ....................... FI%SSE)I(I)Z/g(I)
210/437 . *
7,142,422 B2* 11/2006 Lee ...ccoovirrornrrnr HO1L 23/4006 20150139957 AL* 672015 Baxi oo Fﬁ%f’i‘ggg
165/104.33 . *
7269.013 B2*  9/2007 Chen ..o HO1T. 23/4006 2016/0047541 AL™  2/2016 Jones ....ocoovoveninee. Ff;‘g{;l/oi
165/104.19 .
7.584.780 B1* 9/2009 Lemont ................. HOLL 23/467 2016/0053653 AL* 222016 Han ooovovvvvvvns F01N652/?32§
165/125 . |
7785448 B2*  8/2010 OWeNS ..ococoovveveer... BO1D 1/06 2016/0131040 A= 572016 Agg woovvvveriirrirniin Fozcﬁg%f;t
203/10 2016/0363379 AL* 12/2016 StrecKer wommmnn. F28D 7/12
7929302 B2* 4/2011 Chuang ................... GO6F 1/20
165/121 * cited by examiner



US 10,103,081 B2

Sheet 1 of 10

Oct. 16, 2018

F 00

U.S. Patent

FIG. 1



U.S. Patent Oct. 16, 2018 Sheet 2 of 10 US 10,103,081 B2

4

¥, 2



US 10,103,081 B2

Sheet 3 of 10

Oct. 16, 2018

300

U.S. Patent

e

A

' 3 ._._....... __,._.-.I.I.I.I.I.I.I.I.I.I.h.r o g
4 ) | .ﬂ .\.1\.:. ..w
c & 3

W

T
-
- . '-'-.i-'l'-'

oA
R Y

2 R A e e e e e e A e e e N e e e A e e A e e e N A N e N A “_.w

.\\. ty "

P i
ﬂ.

.. )
™. "-...‘_'r-vuh\_\_\_'\_\hp\_-h_-. :I_“A“'

e,

e

. i
-~ %».HHHHHHHHHHHET

. : . i .._4..
.M._ | ‘\\u A\. .J___._.__ ....W
.“\., A A

u’ -
. , '
LB | '

-ﬂ‘,‘r -.-.... x -.Jm A‘-

.-._._....._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._....._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._....._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._....l_..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._..._._...\u.-r.._._..._._..._._..1-\.-1.-1.-111.-1.1.-1.-1.-111.-1.-1111-.-111.-1.-111.\1{1

T

FIG, 3



U.S. Patent Oct. 16, 2018 Sheet 4 of 10 US 10,103,081 B2

4{H)

y 42

¥l 4



U.S. Patent Oct. 16, 2018 Sheet 5 of 10 US 10,103,081 B2

102

1O

Fi6. S



U.S. Patent Oct. 16, 2018 Sheet 6 of 10 US 10,103,081 B2

1072

lllllllll

: X | I | . = N ¥ h
A N A AR ARl

LA - TR

T

oy

i i el AR )
o W ;:‘W‘!-i-:-.xxv.uuuuuxv.‘l-ﬁ“‘h - T
e NN el e

¥, 6



US 10,103,081 B2

Sheet 7 of 10

Oct. 16, 2018

U.S. Patent

106

el R g R < i

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

“ r ‘I“‘ -+ .“ iiiiii .'l - -‘. L “ -, ‘. iiiii a F F FFFFF PP iy
“! E . [ I I - .rl ‘1 . + ]
_ -1 - + 4 - " 4 -+ H -‘“l “xli A + aF .IH L] " LN | -.' ] .‘H.. 4

)

NNy R AR AR AT AR

/ T
uu.__.

* T e It e g “.Iu... -
¢ .-_l-.___ﬂ-.-_.-.|.l-lln_l.-.-..I“..lLnHH._-.lh."-nl“.“-th“lh-““llﬁuqlisl“lnhiﬂﬂllnﬂuﬁll-lt |l-ll.-.- r .

w

s

k...u._.x et s s
' - T A

S A.%.\e

L e )
| L 4 LR A1

H ‘-..'-"-'-.'- '-.'-.'-'-r'-

FIG. T



U.S. Patent Oct. 16, 2018 Sheet 8 of 10 US 10,103,081 B2

106

: . : S AR T i - »
. . gl .;: . - . - -
A 0 . 3 i . Sl N . -
5t Ty . - - - i - -hw.me . - __'_‘l\_w-!{"f‘
L ] 1 0 ] '. H H'-'-“ L] L] -,
rﬁﬁﬁﬁﬁmmmmmmh‘m - . ¥ 5 ‘-‘wmm '..'..'..t":'-.i-.i-. > ::
. I" e+ s R e e e m A A mEm R R - :
'f-Z-:-:-j-:-:-:-A‘mgW Ly o - W A
A - A e . o T T T
i ] - O T N i v .

*
u -

- | T ey e
Sl T j‘{ o
.""‘-""u"-‘“

:
| 1Y
.
L |
:
L]
4 A 1
.
-
4 1
[+
2kl L] 1
N
» I
L]
4 1
ap b
L]
.
4
[
i
kR
-
4 1
.
R

Ll B |
X
.'l‘!
"
% . .

- - l-;i _i.i-
-F-

l'ﬁl
.l

L]

] 1
L]

b4y

bt

PG, ¥



U.S. Patent Oct. 16, 2018 Sheet 9 of 10 US 10,103,081 B2

100

0

RO L o i TV

]
LJ
:
' -
O
iy
8
F W = 4 + &
. :

N AR

e S N TN L Tty

L] ' '\ll"'l s .::'_-..:.:“
R R
SRR Y:&q"‘ . \ﬁ:{‘\ﬂ\.‘:ﬂ = —
. ilih am _i % \ \.E\‘._.‘ :‘t“-ﬁ..“ n

A A gt e o ) = o
L L] * -1.-.1. [ ] - “ ""l‘ ‘. l..,:_.'-_. I""l-..l,. ;
A R R
ll"lu LI l._l'l‘I d 3 I b | * .""' .'_ , % - *':" 'H
SN TR

M e A M o
R
R R




U.S. Patent

FOU0

100

Oct. 16, 2018 Sheet 10 of 10

i’ *
|-ll’
'1
h'l.
L]
?" .
L |
L] L]
. o
g -
.
;I l‘_i

":.." - """\huuu—uuul"“"‘---“
e

- T
‘:':"'x"'.'.m

. e
Al AR

${s 1Ha

e LT

L] "‘q

u.q-
- L] -
I|Il m, ‘..j‘
L] '\.‘ > L}
Y I'l_ o

e

o
L
’ Il'I
F

[ ]
o
o
]
-
L]
a
gl
r
¥

i
A
L

-i.p-'

w
-l";- - Pl
LN O |

'i-'l'i-,;’i

aa ¥

’i-"r'
A

- .-’4

s
-7

)
L
>
d a g
ny

Ry
il
iy
[ ]
£
AL
o
o
':".-f "
et

[ "I - h' ."- L "I o, - w L 5 - -
N R R A
Y R R A

oo ML

LI I | . Ly l".‘
SRR
Ay
. L

.-‘ﬁtIi \‘.ill L] ll“l

] '_
L
]
-
- -
* ?I k "h Lt -'I .1‘ 1‘!.- ‘h.I|I ‘I‘lil.iillli'l" i!‘ “‘:-"‘ LY » ‘:‘ &, EY .':“I
£ L L a i‘I,..l:‘ll &‘HI-MI*'I_ L EET LT Y j‘il l"‘\l..-i 1'- ) h |
[ L] L | L] LT W - " A ET N T B N i*'I L Ny » L
h:l. = L E i I ‘..ll-i_l L] LI LT S e N L] ]
4 4 % 4 i.'q_l.l.l.‘\l.ii. ] l‘ii‘*'ll_li_lil EEE LY - 4 » -i"l
"-:n.‘I ‘-"l.n: " ‘\‘h‘m'!ltill"q.'i"':‘h‘h_ l‘!‘lli‘I.i_‘l-\‘I.l'l.t I.'l‘-i: _‘ii [ . " ¥ .i.\_‘
‘i E | ‘ili LY iIH‘i“‘ﬁii‘i. *I‘I‘ "i.i‘i ti'l.i - 1.'1.‘-. *1* li.i‘ 1. *i '|"'||I|I
Ll e "I‘li_!-lli\,-l‘\lit"itillgiq l_-ll.'ll‘ﬂl B - L i
ik + 4w [ | -l.l.l.ii..-_i'l-i.‘il._'ll..l.ll.\lll.l_i A AT L T n L]
- L] LIETL I ' EEREERERERER] - - LT - L
Ih_!lilll "'l-il._ P L Y L L " Y iy i ¥
4 L atyte Ak h ey "'nq 4 Ak
L IR LY 1 B W Nk LS
LI IS -‘ ‘.I. -i‘ -i‘ .lll
ii‘i‘iii ii L *'l [ ] 4 b
L [ 3 LI N LY L]
LI I ‘:\ . % - , A e v
‘i‘i:i:i:il - . A _.'- l' 1.“1.-1. *
1.':..1.-1..1.‘1. h . .1.‘- ‘:‘- q--' *
EEERE] I Wi ‘o te . Q
L] l_.l_iiiiiii .?‘I:‘ .‘l‘ - 'q‘.q':i' R Y L] *
-‘:iii‘iliiiil " I'll LY “ ] tl ql _.lli . “a *‘
IR 11? L N L] -
L A AR o L N .'1.-1. L] o
Y l.:-i e 5 .ihl LI [] m oy B4 W N \‘ -
X fatn lii:i:i:i‘# ~ - H.- h . 1..1,:1:' :'l:n. 4 :1. .
PR N ...h,.I‘_ i .R‘ ‘-' - e ‘n‘
L L | .'F-. ] - L ) I L " b -
EE I I “Iiii“lii.l . . ‘h\.l I. 3 .I-‘llll n . - .
. ii‘!‘i:i_:i:'l A e lq_:'h l:h 1::- e - “i .iI .4 3
Tt I‘i.-.. o l-.-i_:l Q - 'l;‘i._'l:.. . ~f.ll;.:

;3
L ]

-
-

-

[
et
-':l
=

Ayt

-
- L | LI |
"l"!,'.!ll.lll'lt'p
L% L
LI BETE DL DL
- L]

o

-y
.

ey

5

W T

¥ »
7

et

L]

o
||

e
2
r [ ]
-
s
i,
Ao
AR
! %" g
: ] ':':'i- .: . F ]
- » - i" F : ]
[ )

.I

A

LI

¢

L
o

o f
o
702

i
o

T
]

g
"-l..:‘_l
-
‘o
o
)
.-'_
Ay

LR ]

-
L

.

2
i

i

o
"
IIll"'.l-:_ﬁ.l-':il' i
ri I_i-

i’il' I"i-

-

i

A
*
r

o
S
:
b

.

L

LK ]

7

"'-lj?

.

* o o

e

L} L |
"Il-i[l_l_l‘l IR AT T EEER R
I Tt I |
O - -

FiG. 18Db

US 10,103,081 B2



US 10,103,081 B2

1
HEAT SINK

BACKGROUND

Field of the Subject Matter

The subject matter relates to the field of heat sinks, more
particularly but not exclusively, to heat sinks used for
integrated circuits.

Discussion of Related Field

Electronic devices, such as, personal computer and lap-
tops, among others, use one or more microprocessors. These
microprocessors while operating at higher speeds generate
heat. The heat generated can damage the microprocessor and
other components associated with 1t. Therefore, heat sink,
which 1s a type of heat exchanger, 1s used to overcome this
problem.

Heat sinks are used to conduct the heat generated by the
microprocessor and dissipate 1t into the environment,
thereby allowing saife operation of the microprocessor. Heat
sinks are generally categorized into two, namely, active heat
sinks and passive heat sinks.

Passive heat sinks are metal fixtures associated with the
microprocessor to increase the surface area of the conduct-
ing metal and dissipate heat into the environment. However,
case of higher speed processors, which dissipates more heat,
a much bigger passive heat sink 1s required for ethicient
operation of the microprocessor and to prevent 1t from
physical damage. This requires constant increase in size of
the heat sinks with ever-increasing speeds of the micropro-
cessors, thereby increasing overall size of the electronic
device, which includes such microprocessors.

Active heat sinks may be used to overcome the problem
associated with size of the passive heat sinks. The active heat
sinks include a fan to cool the metal fixtures. Incorporating
a fan will overcome the problem of size. However, for
cilicient cooling of the heat sink, the air blown by the fan has
to be directed, such that, 1t passes through the maximum
possible surface area of the heat sink. Further, there should
be a proper design for the air to exit the heat sink.

In light of the foregoing discussion, there 1s a need for a
technique to implement a heat sink with improved efliciency.

STATEMENT OF INVENTION

Accordingly, the invention provides a heat sink including
a first plate, a second plate and a pipe. One side of the first
plate 1s 1 thermal contact with the electronic device. The
second plate 1s 1n thermal contact with the other side of the
first plate. Further, the second plate includes a hole and
placed such that, a gap for airflow 1s maintained between the
first plate and the second plate. One end the pipe 1s thermally
coupled to the second plate. Thus facilitating the air flowing
into the pipe through the other end escapes the heat sink
through the gap maintained between the first plate and the
second plate via the hole on the second plate.

BRIEF DESCRIPTION OF DRAWINGS

Embodiments are 1llustrated by way of example and not
limitation the Figures of the accompanying drawings, 1n
which like references indicate similar elements and in
which:

FI1G. 1 illustrates an example heat sink 100, in accordance
with an embodiment:

FI1G. 2 1llustrates an example 1sometric view of a second
plate 104, 1n accordance with an embodiment;
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2

FIG. 3 illustrates an example 1sometric view of a sup-
porting section 300, in accordance with an embodiment;

FIG. 4 1llustrates an example 1sometric view of another
type ol supporting section 400, in accordance with an
embodiment;

FIG. 5 illustrates an example 1sometric view of a first
plate 102 compatible with supporting section 300, 1n accor-
dance with an embodiment;

FIG. 6 1llustrates an example 1sometric view of another
type of first plate 102 compatible with supporting section
400, 1n accordance with an embodiment;

FIG. 7 1llustrates an example 1sometric view of a pipe 106
with a plurality of fins 702, 1n accordance with an embodi-
ment;

FIG. 8 illustrates an example 1sometric view of the pipe
106 with a plurality of horizontal poles 802, 1n accordance
with an embodiment:

FIG. 9 illustrates an example 1sometric view of the heat
sink 100 with the supporting section 300 and the pipe 106
with a plurality of fins 702, 1n accordance with an embodi-
ment;

FIG. 10a illustrates an example 1sometric view of a ring
1000 covering the space between the first plate 102 and
second plate 104, and allowing the air to exit through holes
1002, in accordance with an embodiment; and

FIG. 105 illustrates an example 1sometric view of a heat

sink 100 with the ring 1000, 1n accordance with an embodi-
ment.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

I. Overview

II. Exemplary Diagrams
III. Conclusion

I. OVERVIEW

The subject matter relates to the field of heat sinks, more
particularly but not exclusively, to heat sinks used {for
integrated circuits.

Embodiments disclose an improved heat sink for
cooling of integrated circuits.

The improved heat sink includes a first plate, a second
plate, and a pipe coupled to the first plate and the second
plate. One side of the first plate 1s 1n thermal contact with an
clectronic device. The second plate 1s 1n thermal contact
with the first plate. The second plate 1s placed on other side
of the first plate, such that, a gap for airtlow 1s maintained
between the first plate and the second plate.

The following detailed description includes references to
the accompanying drawings, which form a part of the
detailed description. The drawings show illustrations 1n
accordance with example embodiments. These example
embodiments, which are herein also referred to as
“examples™ are described 1n enough detail to enable those
skilled 1n the art to practice the present subject matter. The
embodiments can be combined, other embodiments can be
utilized, or structural, logical, and design changes can be
made without departing from the scope of the claims. The
tollowing detailed description 1s, therefore, not to be taken
in a limiting sense, and the scope 1s defined by the appended
claims and their equivalents.

In this document, the terms “a” or “an” are used, as i1s
common 1n patent documents, to include one or more than
one. In this document, the term ““or’” 1s used to refer to a

ticient
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nonexclusive “or,” such that “A or B” includes “A hut not
B,” “B but not A,” and “A and B.,” unless otherwise
indicated.

II. EXEMPLARY DIAGRAMS

FI1G. 1 illustrates an example heat sink 100, in accordance
with an embodiment. The heat sink 100 includes a first plate
102, a second plate 104 and a pipe 106. One side of the first
plate 102 1s 1n thermal contact with an electronic device,
such that, 1t can absorb the heat from the electronic device.

The second plate 104 1s 1n thermal contact with the first
plate 102. Further, the second plate 104 1s placed on other
side of the first plate 102, such that, a gap for airtlow 1s

maintained between the first plate 102 and the second plate
104.

In an embodiment, the gap between the first plate 102 and

the second plate 104 1s maintained by using one or more wall
sections 108 as indicated in the FIG. 1.

In an embodiment, the first plate 102 and the second plate
104 are good conductors of heat and can be made of one or
more metals, such as, but not limited to, aluminum, copper,
and aluminum alloy.

In an embodiment, thermally coupled means, the two or
more sections are in physical contact with each other and are
capable of exchanging heat.

In an embodiment, two sections are said to be 1n thermal
contact with each other, if they are capable of exchanging
heat even without a physical contact.

In an embodiment, an electronic device can be any
integrated circuit, not limiting to, microprocessor and
graphic processor.

The pipe 106 1s thermally coupled to the second plate 104.
Further, the ends on either side of the pipe 106 are open.

FI1G. 2 1llustrates an example 1sometric view of the second
plate 104, in accordance with an embodiment. The second
plate 104 includes a hole 202. One end of the pipe 106 1s
coupled to the second plate, such that, the air entering
through the other end of the pipe 106 escapes via the hole
202 through the gap maintained between the first plate 102
and the second plate 104.

In an embodiment, the air 1s directed 1nto the heat sink 100
by placing a fan on top of the heat sink 100.

In an embodiment, the pipe 106 can be internally divided
into two or more sections along the axis of the pipe 106 to
increase the surface area of the heat sink 100.

FIG. 3 illustrates an example isometric view of a sup-
porting section 300, 1n accordance with an embodiment. The
supporting section 300 1s thermally coupled to the first plate
102, the second plate 104 and the pipe 106. The supporting
section 300 1s placed inside the pipe 106 extending from the
other end of the pipe 106 t1ll the hole 502 on the first plate
102, where it may be coupled to the first plate 102. The
supporting section 300 can include partitioning walls 302
along the axis of the pipe 106.

FIG. 4 1llustrates an example 1sometric view of another
type of supporting section 400, in accordance with an
embodiment. The supporting section 400 1s placed 1nside the
pipe 106 and the supporting section 400 can include parti-
tiomng walls 402 to increase the surface area of the heat
sink.

FIG. § illustrates an example 1sometric view of the first
plate 102 compatible with supporting section 300, 1n accor-
dance with an embodiment. The first plate 102 can 1nclude
one or more wall sections 108 and a hole 502 to accommo-
date one end of the supporting section 300. Further, the first
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plate 102 can also include one or more holes 504 to fix the
heat sink 100 on top of the electronic device.

FIG. 6 illustrates an example 1sometric view of another
type of first plate 102 compatible with supporting section
400, 1n accordance with an embodiment. The first plate can
include one or more wall sections 602 to support the
supporting section 400, in accordance with an embodiment.

FIG. 7 illustrates an example 1sometric view of the pipe
106 with a plurality of fins 702, in accordance with an
embodiment. A plurality of fins 702, are externally coupled
or brazed to the pipe 106. The fins 702 are brazed at an angle
in the direction of rotation of the fan, placed over the heat
sink 100. The angle 1s chosen such that, maximum air flows
through the plurality of fins 702, thereby maximizing efli-
ciency of the heat sink 100. The preferred angle of the fins
702 1s 45 degrees 1n the direction of rotation of rotation of
fan.

FIG. 8 1llustrates an example 1sometric view of the pipe
106 with a plurality of horizontal poles 802, 1n accordance
with an embodiment. A plurality of horizontal poles 802 are
externally coupled or brazed to the pipe 106.

FIG. 9 illustrates an example 1sometric view of the heat
sink 100 with the supporting section 300 and the pipe 106
with a plurality of fins 702, 1n accordance with an embodi-
ment. When a fan 1s placed over the heat sink 100, air flows
through the vertical sections inside the pipe 106 and exits
through the gap between the first plate 102 and the second
plate 104. Further, the air focused on the exterior of the pipe
106 flows through the fins 702. The angle of the fins 702 1s
such that, the air flow 1s directed towards substantial number
of fins 702, thus directing the air through maximum possible
surface area.

FIG. 10q illustrates an example 1sometric view of a ring
1000 covering the space between the first plate 102 and
second plate 104, and allowing the air to exit through the
holes 1002, in accordance with an embodiment. The ring
1000 1s used to limit the airflow, through the gap between the
first plate 102 and the second plate 104. The ring 1000
allows the air entering the pipe 106 to exit through the holes
1002. Thus, the air 1s forced to stay inside the pipe and
between the plates 102 and 104 for a longer duration.

FIG. 105 illustrates an example 1sometric view of a heat
sink 100 with the ring 1000, 1n accordance with an embodi-
ment. In an embodiment, the ring 1000 1s brazed or coupled,
to the outer surface of the first plate 102 and the second plate
104. Further the holes 1002 provided 1n the ring 1000 allows
the air entering the pipe 106 to limit the aiwrtlow. Thus, the
air 1s forced to stay inside e heat sink 100 for a longer
duration.

In an embodiment, the pipe 106, the supporting section
300, the supporting section 400 the fins 702, the horizontal
poles 802, the wall section 108 the wall section 602, the ring
1000, the partitioning walls 302, and the partitioning walls
402 are good conductors of heat, and can be made of one or
more metals, such as, but not limited to, aluminum, copper
and aluminum alloy.

[1I. CONCLUSION

The aforementioned heat sink achieves considerable eili-
ciency by ethciently directing air through the heat sink. The
fins or the horizontal poles, which are coupled to the pipe
improves the surface area of the heat sink, thereby further
enhancing the efliciency of the heat sink.

Although, embodiments have been described with refer-
ence to specific example embodiments, 1t will be evident that
vartous modifications, arrangements of components and
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changes may be made to these embodiments without depart-
ing from the broader spirit and scope of the heat sink
described herein. Accordingly, the specification and draw-
ings are to be regarded in an 1illustrative rather than a
restrictive sense.

Many alterations and modifications of the present inven-
tion will no doubt become apparent to a person of ordinary
skill 1n the art after having read the foregoing description. It
1s to be understood that the phraseology or terminology
employed herein 1s for the purpose of description and not of
limitation. It 1s to be understood that the description above
contains many specifications, these should not be construed
as limiting the scope of the invention but as merely provid-
ing illustrations of some of the personally preferred embodi-
ments of this invention. Thus the scope of the mvention
should be determined by the appended claims and their legal
equivalents rather than by the examples given.

What 1s claimed 1s:

1. A heat sink comprising:

a first plate, wherein one side of the first plate 1s in thermal
contact with an electronic device;

a second plate 1n thermal contact with the first plate,
wherein the second plate includes a hole and placed on
other side of the first plate, such that, a gap for airtlow
1s maintained between the first plate and the second
plate;

a pipe whose one end 1s thermally coupled to the second
plate, such that, air flowing into the pipe through other
end of the pipe escapes the heat sink through the gap
maintained between the first plate and the second plate
via the hole; and

a supporting section, which 1s stationary, the supporting
section comprising an elongated member and a plural-
ity of partition walls, the partition walls extending from
the elongated member and in physical contact with an
inner surface of the pipe to thermally couple the
supporting section to the pipe, while defining at least a
first passage and a second passage for air between the
clongated member, partition walls and the inner surface
of the pipe, the partition walls extending till the second

plate and terminating at the second plate, and the

clongated member extending till the first plate to be 1n
physical contact with the first plate, wherein the sup-
porting section 1s inside the pipe, such that:

air enters the first passage at the other end of the pipe.,
and escapes the pipe and the first passage at the one
end of the pipe; and

air enters the second passage at the other end of the
pipe, and escapes the pipe and the second passage at
the one end of the pipe;
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wherein the supporting section extends from the other end
of the pipe till the first plate, while passing through the
hole of the second plate, while allowing the air flowing
into the pipe through the other end of the pipe escape
the heat sink through the gap maintained between the
first plate and the second plate, wherein the elongated
member 1s a solid cylindrical rod.

2. The heat sink according to claim 1, further comprising
a plurality of fins externally coupled to the pipe.

3. The heat sink according to the claim 2, wherein the
plurality of fins are at an angle 1n a direction of rotation of
a Tan, wherein the angle 1s 1n the range of 30 degrees to 60
degrees.

4. The heat sink according to the claim 2, wherein the fins
are made of, at least one of, aluminum, copper and alumi-
num alloy.

5. The heat sink according to claim 1, further comprising
a plurality of horizontal poles externally coupled to the pipe.

6. The heat sink according to claim 1, wherein the pipe’s
internal volume 1s divided into two or more sections along
an axis of the pipe.

7. The heat sink according to claim 1, wherein the first
plate comprises a hole.

8. The heat sink according to the claim 1, wherein the
supporting section 1s made of, at least one of, aluminum,
copper and aluminum alloy.

9. The heat sink according to claim 1, wherein the
supporting section 1s along an axis of the pipe.

10. The heat sink according to the claim 1, wherein the
partitioning walls are made of at least one of aluminum,
copper and aluminum alloy.

11. The heat sink according to claim 1, wherein at least
one of the first plate and the second plate are separated by
wall sections to maintain the gap for the airflow between the
first plate and the second plate.

12. The heat sink according to the claim 1, wherein at least
one of the first plate, the second plate and the pipe, 1s made
of, at least one of, aluminum, copper and aluminum alloy.

13. The heat sink according to the claim 1, further
comprising a ring with at least one hole, wherein the ring 1s
configured to limit the airflow through the gap between the
first plate and the second plate.

14. The heat sink according to the claim 13, wherein the
ring 1s made of at least one of aluminum, copper and
aluminum alloy.

15. The heat sink according to the claim 1, wherein the
partitioning walls are straight in shape.

16. The heat sink according to the claim 1, wherein the
partitioning walls are spiral.
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